Background/Aims: Enterococcal peritonitis in peritoneal dialysis (PD) patients is associated with a high complication rate. The optimal treatment regimen of PD-related enterococcal peritonitis is controversial. The latest international guideline recommends intra-peritoneal (IP) vancomycin. Although ampicillin is often effective for systemic enterococcal infections, they have little in vitro activity when added to common PD solutions. Since oral amoxicillin achieves therapeutic drug level in the peritoneal cavity, we explore the efficacy of oral amoxicillin for enterococcal peritonitis. Methods: We studied 105 episodes of enterococcal peritonitis over 20 years in our unit; 43 (41.0%) were treated with oral amoxicillin, and 62 (59.0%) with IP vancomycin. Their clinical outcome was reviewed. Result: The overall primary response rate to oral amoxicillin and IP vancomycin was 76.4% and 85.5%, respectively (p = 0.3). The complete cure rate of oral amoxicillin and IP vancomycin was 55.8% and 54.8%, respectively (p = 0.8). When the 5 episodes of ampicillin-resistant Enterococcus episodes were excluded, the primary response rate and complete cure rate of oral amoxicillin were 86.8% and 63.2%, respectively. Conclusion: Oral amoxicillin has an excellent primary response rate and complete cure rate for PD-related peritonitis episodes caused by Enterococcus species, indicating that oral amoxicillin is a valid and convenient therapeutic option for enterococcal peritonitis episodes.
Introduction
Peritoneal dialysis (PD) is now used widely as the renal replacement therapy for patients with end stage renal disease (ESRD) [1] , and is the first-line treatment of end stage renal disease (ESRD) in Hong Kong [2] . Although less than 4% of the peritonitis episodes resulted in death, it is the major cause of technique failure and conversion to long term hemodialysis in PD patients [3, 4] . Peritonitis soon after the initiation of PD is a particularly important predictor of mortality in elderly PD patients [5] . Most of the PD-related peritonitis episodes are caused by Staphylococcus aureus, coagulase negative staphylococcal species, Enterobacteriaceae and Pseudomonas species [4] . Enterococcal species account for less than 5% of PD-related peritonitis [4] . However, peritonitis episodes caused by Enterococcal species are associated with particularly high rates of catheter removal, permanent hemodialysis transfer, and death [6, 7] . The treatment of PD-related enterococcal peritonitis is, unfortunately, difficult and optimal regimen controversial. Although there may be clinical response to its empirical therapy [8] , treatment with first generation cephalosporin is not advisable because of intrinsic resistance to cephalosporins [9] . The latest guideline by the International Society for Peritoneal Dialysis (ISPD) recommends that peritonitis episodes caused by Enterococcal species should be treated with intra-peritoneal (IP) vancomycin unless the organism is resistant to vancomycin [10] . Although ampicillin and amoxicillin are often effective for systemic enterococcal infections, they have little in vitro activity when added to common PD solutions [11] . Since systemic administration of ampicillin and amoxicillin achieves therapeutic drug level in the peritoneal cavity [12, 13] , it seems logical to use oral ampicillin or amoxicillin for the treatment of PD-related peritonitis caused by Enterococcus species. Here, we report the efficacy of oral amoxicillin for enterococcal peritonitis.
Materials and Methods

Case selection
The study was approved by the Clinical Research Ethics Committee of the Chinese University of Hong Kong. All procedures are in adherence to the Declaration of Helsinki. All episodes of PD peritonitis in our unit from 1996 to 2015 were reviewed. The diagnosis of peritonitis was based on at least two of the following [10] : (a) abdominal pain or cloudy peritoneal dialysis effluent (PDE); (b) leukocytosis in PDE (WBC > 100/ ml); and (c) positive Gram-stain or culture from PDE. Episodes with peritoneal eosinophilia but negative bacterial culture were excluded. Exit site infection was diagnosed when there was purulent drainage, with or without erythema, from the exit site [14] .
During the study period, 3194 episodes of peritonitis were recorded. Enterococcus species were isolated from the PDE in 105 episodes (3.3%). Their case records were reviewed. Demographic characteristics, underlying medical conditions, previous peritonitis, antibiotic regimen, response to therapy, and clinical outcome were examined.
Clinical Management
During the study period, the empirical antibiotic therapy for peritonitis episodes were according to the standard antibiotic protocol of our center, which was changed systemically over time, and generally intra-peritoneal administration of cefazolin plus an aminoglycoside or ceftazidime. When Enterococcus species was identified in PDE, antibiotic therapy was immediately changed to either oral amoxicillin (500 mg thrice daily) or intermittent intra-peritoneal (IP) vancomycin (1 gram every 4 to 5 days) for 2 to 3 weeks as decided by individual nephrologist. In general, when the therapeutic response to oral amoxicillin was suboptimal after 5 days of treatment, the antibiotic would be changed to IP vancomycin. Primary response was defined as resolution of abdominal pain, clearing of dialysate, and PDE neutrophil count less than 100/ ml on day-10 with antibiotics alone. When the PDE did not clear up after 10 days of effective antibiotic, the PD catheter was removed, and effective antibiotics were continued for another two weeks.
All the patients were followed for 12 months after their treatment completed. Primary end points are primary response rate and complete cure rate. Primary response was defined as resolution of abdominal pain, clearing of dialysate, and PDE neutrophil count less than 100/ml on day-10 with antibiotics alone.
Complete cure was defined as complete resolution of peritonitis by antibiotics alone without relapse or recurrence within 4 weeks of completion of therapy. Relapsing and recurrent peritonitis episodes were defined by the ISPD guideline [10] .
Statistical Analysis
Statistical analysis was performed by SPSS for Windows software version 18.0 (SPSS Inc., Chicago, IL). All data were expressed in mean ± SD unless otherwise specified. Data were compared by Chi square test, Fisher's exact test, or Student's t test as appropriate. A p value of less than 0.05 was considered significant. All probabilities were two-tailed.
Results
During the study period, 3194 episodes of PD-related peritonitis were recorded in our unit. The overall peritonitis rate was 0.47 episodes per patient-year. We identified 105 episodes of enterococcal peritonitis; 67 episodes had mixed bacterial growth, while 38 episodes were simple enterococcal peritonitis. Of the 105 episodes, 58 (55.2%) were caused by E. faecalis, 11 (10.5%) by E. faecium, and 36 (34.3%) by other species. Ampicillin resistance was present in 21 isolates (20.0%). Six patients (5.7%) had concomitant exit site infection, but none was due to Enterococcus species.
The primary treatment of the enterococcal peritonitis episodes was oral amoxicillin and IP vancomycin in 43 (41.0%) and 62 cases (59.0%), respectively. Their demographic and baseline clinical data are summarized and compared in Table 1 . In essence, there was no significant difference between patients who received oral amoxicillin and IP vancomycin, except that patients who receive oral amoxicillin as their primary treatment were more likely to have simple enterococcal peritonitis and had adjuvant aminoglycoside therapy (see Table 1 ).
The clinical outcome was summarized in Fig. 1 . The overall primary response rate to oral amoxicillin and IP vancomycin was 76.4% and 85.5%, respectively (p = 0.3). The complete cure rate of oral amoxicillin and IP vancomycin was 55.8% and 54.8%, respectively (p = 0.8). Within the oral amoxicillin group, another 7 patients were cured by switching to IP vancomycin, giving an overall complete cure rate of 72.1%. When the 5 episodes of ampicillin-resistant Enterococcus episodes were excluded, the primary response rate and complete cure rate of oral amoxicillin were 86.8% and 63.2%, respectively. 
Discussion
The optimal treatment of enterococcal peritonitis has been a controversial subject. Although clinical experience suggests that IP ampicillin is sometimes effective [7] , there is always a concern that ampicillin has little in vitro activity when added to common PD solutions [11] . Routine treatment with IP vancomycin is currently recommended [10] , but the possibility of provoking vancomycin-resistant strains is always a concern. Furthermore, there is evidence that vancomycin is less effective than ampicillin for Enterococcus that are penicillin-sensitive [15] . Since systemic administration of ampicillin or amoxicillin achieves therapeutic drug levels in the peritoneal cavity [12, 13] , it is logical to expect that oral ampicillin or amoxicillin is effective for the treatment of enterococcal peritonitis. We favor amoxicillin over ampicillin because the former has better oral bioavailability [13] and requires only thrice daily dosage (as compared to four times per day for ampicillin).
According to the latest ISPD guideline, adjuvant IP aminoglycoside (usually gentamicin) could be used for Enterococcal peritonitis. In our present study, adjuvant aminoglycoside was used in only 12.4% cases. Because of the small number of case and possible selection bias, we did not perform subgroup analysis to explore the potential benefit of adjuvant aminoglycoside therapy. Nonetheless, oral amoxicillin offers another distinct advantage over IP ampicillin in this regard because aminoglycosides could not be added to the same bag of PD solution with ampicillin because of chemical incompatibility [16] .
It is important to consider the local prevalence of ampicillin resistance before adopting the policy of oral amoxicillin treatment for enterococcal peritonitis. Notably, the prevalence of ampicillin resistance was 20% in our series, which may explain the good therapeutic response. In centers that have a high prevalence of ampicillin resistance, the efficacy of our regimen would be substantially inferior.
The optimal duration of treatment with oral amoxicillin remains undefined. According to the latest ISPD guideline, IP vancomycin for 3 weeks is required for enterococcal peritonitis [10] . In our present series, 32 patients had 2 weeks of oral amoxicillin, while 11 patients had 3 weeks of treatment. Because of the small sample size, we did not perform subgroup analysis to explore the effect of the duration of therapy. Nonetheless, the variable duration of treatment in our series may confound the interpretation of the result.
Enterococci are normal flora of the gastrointestinal tract [6] . Intra-abdominal pathology is generally considered to be the source of enterococcal peritonitis. Similar to previous reports [6, 7] , we found that other pathogenic organisms are isolated in over half of the enterococcal peritonitis episodes, and the coexistence of other organisms was associated with high rates of catheter removal, permanent hemodialysis transfer, and death. Our result suggests that oral amoxicillin, together with effective intra-peritoneal antibiotics for other concomitant organisms, is effective for polymicrobial peritonitis with Enterococcus as one of the causative organisms. From Fig. 1 , it is possible that the response rate of polymicrobial peritonitis to oral amoxicillin is lower than simple enterococcal peritonitis, but the number of case was small and there are many confounding clinical factors that may affect the result.
Traditionally, identification of the exact species is important for enterococcal peritonitis because resistance to penicillin and carbapenems is far more frequently observed in E. faecium than E. faecalis [17] . In our present study, E. faecalis is the most common species identified. Amongst the 11 episodes caused by E. faecium, only one was treated with oral amoxicillin. Our result should therefore be extrapolated to this particular species with caution.
There are several inadequacies of our study. First, the sample size is small and the study is retrospective. As a result, treatment groups could not be compared without bias. For example, oral amoxicillin was used less often than vancomycin in those with mixed bacterial growth. There were more females in the vancomycin group than those in oral amoxicillin group. Adjuvant aminoglycoside was used less often in the vancomycin group than amoxicillin group. In spite of the bias, our result suggests that oral amoxicillin is effective. We do not, however, prove that oral amoxicillin is superior (or not inferior) to IP vancomycin. Nonetheless, it seems unlikely to have randomized control trials in the future to compare IP vancomycin and oral amoxicillin, and our result suggests that the latter approach is a valid therapeutic option.
Second, we did not measure dialysate amoxicillin level to confirm it is well above the minimum bactericidal concentration. The dosage of amoxicillin that we used is similar to the recommended dosage for moderate infection in patients with normal kidney function, and should be considered relatively high for dialysis patients. This dosage was chosen in order to ensure sufficient drug level in the infected tissue. Unlike cephalosporins and carbapenems [18] , high dose amoxicillin has minimal neurotoxicity and is generally well tolerated in dialysis patients [19] . On the other hand, neither did we measure serum or dialysate vancomycin level routinely. Although the dosage of IP vancomycin that we used was in accordance with the current guideline [10] , it is possible that some patients, especially those with substantial residual renal function, might not have received an adequate dosage [20] .
Conclusion
In summary, we found that oral amoxicillin has an excellent primary response rate and complete cure rate for PD related peritonitis episodes caused by Enterococcus species, especially when Enterococcus is the only bacteria isolated from the PD effluent. Our result indicates that oral amoxicillin is a valid and probably convenient therapeutic option for enterococcal peritonitis episodes.
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